Introduction
In the United States, hepatitis C (HCV) infection is the most common chronic blood borne infection and the leading cause of viral hepatitis and liver transplantation [1] . HCV is a contagious viral infection of the liver caused by the single-stranded ribonucleic acid (RNA) hepatitis C virus. According to the World Health Organization's estimate there are approximately 180 million people worldwide who are infected with HCV, representing 3% of the world's population [1] . With 2.7 million people chronically infected with HCV in the United States, it is four times more common than human immunodeficiency virus (HIV). There are currently six different genotypes and more than 50 different subtypes of HCV identified [2] . Genotype distribution differs worldwide, approximately 75% of the cases in the United States are genotype 1 which is historically the most difficult to treat [3] .
The epidemiology of HCV infection in the United States has changed dramatically since the virus was first identified in 1989 [4] . As a blood borne pathogen, HCV is transmitted through percutaneous contact with infected blood. Prior to the development of universal precautions and screening of blood products in 1992, HCV could be transmitted to those who received blood transfusions, transplanted organs or other blood products. Today, other risk factors for HCV infection include intravenous drug use, unsterile tattoos or piercings, chronic hemodialysis, percutaneous exposure to HCV infected blood due to needle sticks in a healthcare setting and being born to an HCV infected mother [5] .
In the United States, the last reported surveillance of HCV in 2010 approximated 17,000 new cases in that year alone [5] . Although the incidence of new cases of HCV infection has recently declined, increased reports of chronic infection has prompted the Centers for Disease Control and Prevention (CDC) to update the screening recommendations in August of 2012. It is now recommended that all persons born between 1945 and 1965 be screened once for HCV infection even in the absence of other risk factors [6, 7] . This is because many patients chronically infected with HCV are unaware of their HCV status since they are typically asymptomatic despite the increasing damage to their liver. People born during that time frame represent 75% of the adults infected with hepatitis C [6] . The goal of this recommendation is to identify and treat the HCV infection before the infection leads to potentially costly and fatal complications.
The surrogate marker of sustained virologic response (SVR) defines successful treatment of the virus, or cure, 24 weeks after treatment has ended. SVR indicates that the virus has been suppressed to an undetectable level in the blood and is the most impactful indicator of future clinical outcomes. Studies have shown that maintaining SVR is associated with a decreased risk of severe complications including fibrosis of the liver, cirrhosis and hepatocellular carcinoma [8] [9] [10] .
Prior to the 2011 approval of protease inhibitors, boceprevir (Victrelis ® -Merck) and telaprevir (Incivek ® -Vertex), for the treatment of HCV genotype 1 infection, SVR was achieved in approximately 38-45% of those treated with standard dual therapy of pegylated interferon alfa and ribavirin [10] [11] [12] . A key labeling trial for telaprevir in treatment naive patients showed an SVR rate of 75% in patients that received telaprevir combined with peginterferon alfa-2a and ribavirin for 12 weeks followed by peginterferon alfa-2a and ribavirin alone for 12 weeks versus44% in patients receiving dual therapy without a protease inhibitor [15] . Similar significant response rate differences were also reported in the labeling clinical trial information for boceprevir [16, 17] .
Boceprevir and telaprevir have demonstrated substantially increased rates of SVR in clinical trials when added to the standard dual therapy in HCV genotype 1 patients, however post marketing surveillance of SVR rates are only beginning to be studied [13] [14] [15] [16] [17] [18] . In such patients, outside of the strict monitoring confinements of clinical trials, other factors including adherence to the complex regimen and management of adverse events may impact overall success rates. A retrospective analysis of dual therapy adherence rates and SVR showed significantly higher rates of SVR in patients that were 80% or more adherent to their pegylated interferon and ribavirin dose compared to those that were not. That analysis also found that the main reasons for not achieving adherence goals were adverse events to therapy [19] [20] [21] .
Although the rates of SVR have improved with the addition of protease inhibitors to dual therapy, protease inhibitors have also added to the complexity of the regimen, side effect burden and overall costs associated with HCV therapy. All of these additional issues can often cause patients to become non-adherent or even discontinue therapy [16] . In addition to the flu-like symptoms, fatigue and anemia commonly seen with dual therapy, patients on triple therapy are potentially at risk for experiencing the adverse effects of the protease inhibitors as well. One of the most common adverse effects seen with boceprevir and telaprevir is anemia (45-50% and 36% respectively) [21, 22] . Telaprevir patients have also reported skin disorders including rash (56%), pruritus (47%) and anal pruritus (6%) [21, 22] . Recent reports of severe rash associated with telaprevir use prompted a labeling change to include a black box warning to discontinue therapy in patients who develop a rash with systemic symptoms or a progressive severe rash.
Based on newly available clinical data with the protease inhibitors, an update to the guidelines by the American Association for the Study of Liver Disorders was published in 2011 for genotype 1 HCV patients [23] . The recommendation states that treatment-naïve patients should receive boceprevir or teleprevir in combination with peginterferon alfa and ribavirin [23] . The guidelines also provide guidance for the use of the protease inhibitors in treatment-experienced patients.
Objective
The objective of this study was to analyze the SVR rates and medication experience in patients treated with boceprevir or telaprevir, in combination with ribavirin and peginterferon alfa for HCV infection.
Methods
This retrospective observational study was conducted utilizing the claims data of a national specialty pharmacy. Participants included patients from throughout the continental United States. All subjects included in the study received a Notice of Privacy Practice and signed HIPAA authorization allowing the use of their de-identified data for study purposes. The study was evaluated and approved by an Institutional Review Board prior to study initiation. Prior to statistical analysis all data collected was de-identified to protect subject identity. Funding was not provided for this study from any secondary source.
Patients who were 18 years of age and older, with prescription claims for ribavirin, pegylated interferon and a protease inhibitor (boceprevir or telaprevir) between July 1, 2011 and June 30, 2012, were initially identified for inclusion in the study. Data was extracted utilizing a claims processing system, clinical assessment management system and via fax-based outreach to prescribers. Demographic information, adverse events and laboratory data were obtained through clinical pharmacy records. As standard of care for the management of HCV patients at this specialty pharmacy, patients are enrolled in a clinical management program that tracks their viral loads (at therapy initiation and weeks 4, 8, 12, 24, and 48), adherence to therapy and adverse events via telephonic-based clinical assessments and fax outreach to the prescriber. Patients may opt out of this service at any point. Patients whom opted out of the clinical management program were not included in this study. For the purpose of this study, additional outreach to the prescriber via fax was conducted to obtain genotype, viral loads, and reasons for therapy discontinuation when not documented in the pharmacy's clinical system. Patients with final fill dates at least 6 months prior to the date of data collection were considered eligible for SVR, 24 weeks after completing therapy, and outreach to the prescriber was conducted to determine if SVR was achieved. For those patients, prescribers were asked to indicate on the fax response if the patient had achieved SVR, did not achieve SVR or were ineligible due to discontinuing therapy.
As a result of the need for strict adherence with triple therapy, the medication possession ratio (MPR), a surrogate marker for adherence, was calculated for each medication in the patient's regimen if they were eligible for SVR analysis. Medication possession ratio is a ratio of the day's supply on hand over a given time period. Medication possession ratios greater than 80% were considered adherent.
The primary outcome for this study was sustained virologic response (SVR) obtained through prescriber confirmation. Secondary measures included initial viral loads, genotype, treatment adherence, reasons for therapy discontinuation and adverse events experienced in patients that discontinued therapy due to adverse reactions. Adverse events were grouped into the following six categories commonly experienced with hepatitis therapies: hematologic, rash, mental health, gastrointestinal symptoms, allergic reactions and flu-like symptoms. Hematologic adverse effects included anemia, neutropenia and other blood dyscrasias. Rash included any dermatologic event regardless of severity. Mental health category included depression and psychiatric conditions. Gastrointestinal symptoms included diarrhea, nausea, and any other adverse event related to the gastrointestinal system. Finally, flu-like symptoms included fatigue, weakness, chills, malaise, and loss of appetite.
Statistical analysis
Descriptive statistics were used to analyze the patient demographic data including gender, age, genotype, initial viral load, and therapy choice (ribavirin, pegylated interferon products and protease inhibitor). IBM ® SPSS ® Statistics version 21.0 was used for all data analysis. A one-tailed z approximation test was conducted to compare proportion of study population that achieved SVR to standard probability as well as historic SVR rates (38-45%) achieved with dual therapy in previous trials [12] .
Results
A total of 2,004 patients were initially identified as having at least one claim for ribavirin, pegylated interferon and either boceprevir or telaprevir dispensed from the pharmacy during the study period (Figure 1) . Patients who did not complete their treatment program or whose prescriber provided insufficient information were ineligible for participation in the study. A total of 1,598 (80%) patients were excluded from the study. Analysis showed that 1,239 (77%) patients were identified as not having completed therapy and 359 (23%) patients had no response received back from their prescriber after multiple attempts to contact. Of those 1,239 patients that did not complete therapy; 464 (37%) had exclusions unrelated to therapy, 366 (30%) discontinued therapy and 409 (33%) were still on therapy however were not 6 months post therapy at the time of data collection and SVR could not yet be determined. Exclusions unrelated to therapy included 336 patients that transferred pharmacies, 57 whom opted out of clinical management, 11 were deceased, 14 never started therapy and 46 were only receiving their protease inhibitor from the specialty pharmacy.
The remaining 406 total patients were determined to be eligible for SVR analysis. Of those patients 60.3% were male, 39.7% female, and 92.6% were classified as genotype 1. When evaluating viral load at start of therapy, 45.6% were identified as having a high initial viral load (defined as a viral load greater than 800,000 IU/mL) and 20.7% were classified as low (defined as a viral load less than 800,000 IU/mL) with the remaining 33.7% unreported (Table 1) . Patients were categorized as unreported if viral load could not be located in the pharmacy system or not provided by the physician upon contacting them. More than three times as many patients (316; 77.8%) were on the telaprevirbased regimen therapy than were on the boceprevir-based regimen (90; 22.2%).
The overall SVR rate in this study was 67% for triple therapy including either boceprevir or telaprevir (Table 2 ). Of the total 134 patients who did not achieve SVR, 44.8% of patients discontinued therapy due to inadequate viral response, 37.3% had a detectable viral load after completing therapy and 17.9% were reported as failing treatment without documented reason (Figure 1 ). Additional analyses were conducted to determine SVR rates for specific therapy choices summarized in table 3. The observed SVR rates for telaprevir and boceprevir based therapy were 69.3% and 58.9% respectively. Of the total 406 patients analyzed for SVR results, 79.6% were on peginterferon alfa-2a as their interferon product, of which 68.4% achieved SVR. Eightythree patients were on peginterferon alfa-2b of which 61.4% achieved SVR (Table 4) . However, it is important to note, that the study was not designed to look at individual drug therapy response.
Analysis was conducted to determine if the observed proportion of patients that achieved SVR was different from the 38-45% that achieved SVR in previous research of dual therapy [5] [6] [7] . The observed proportion of patients that achieved SVR, 67% differed significantly from 38% and 45%, with a one-tailed p = 0.021 and 0.0001 respectively ( Table 5 ).
The most prevalent reported reason for therapy discontinuation was adverse events. The 138 patients that discontinued treatment due to side effects were analyzed 
Adverse Effects 138
Non-adherent 17
Financial Reasons 37

Reason Unknown 137
Another Medical Condition 34 separately from the SVR eligible analysis. Hematologic adverse effects were the most highly reported adverse effects associated with the discontinuation of telaprevir and boceprevir based therapies with 32 and 10 patients discontinuing respectively (Table 6 ). Twenty-three telaprevir patients discontinued therapy due to the development of a rash. Flu-like symptoms were the least frequently reported reasons for discontinuation for both telaprevir and boceprevir with five and three patients discontinuing respectively.
By
Analysis of MPR indicated average MPR was greater than 90% overall for each medication (Table 7) . MPR was calculated based on dispensing data in the pharmacy claims system.
Discussion
The observed results of this study were similar to triple therapy clinical trial results and provide evidence of higher efficacy with protease inhibitor based regimens over dual therapy alone in genotype 1 HCV treatment. In this study the observed total SVR rate of patients on triple therapy receiving either telaprevir or boceprevir was 67% for the total 406 SVR eligible patients. Previous studies of treatment naïve patients resulted in overall SVR rates of 79% for telaprevir and 63% and 66% for boceprevir [13, 15, 16] . In this study, information regarding trial of previous therapy was not collected. Clinical trials have shown that success rates are lower in patients that have previously failed therapy. SVR rates of patients that previously failed dual therapy varied depending on reason for therapy failure and were between 59-86% for telaprevir and 59-66% for boceprevir [14, 17] .
Out of the overall patients initially identified for inclusion in this study, 7.3% of telaprevir patients and 5.4% of boceprevir patients discontinued therapy due to adverse events. In the pooled clinical trial results of telaprevir, 14% of patients receiving telaprevir discontinued due to adverse events [21] . Of those that discontinued the most common adverse events that resulted in therapy discontinuation were rash, anemia, fatigue, pruritus, nausea, and vomiting. However in this study the most frequently reported reason for therapy discontinuation in telaprevir patients was hematologic, which included events such as anemia, neutropenia and thrombocytopenia. For boceprevir, during the entire course of treatment in clinical trials, the proportion of subjects who discontinued treatment due to adverse events was 13% [22] . Anemia was the only adverse event reported in more than 1% of those patients that discontinued therapy. This finding is similar to the results reported in this study with the most frequently reported reason being hematologic for boceprevir patients that discontinued therapy. These results may indicate the benefit of clinical counseling on the management of side effects since only a small portion of the patients initially identified discontinued therapy due to adverse effects.
The results also show that adherence rates are similar for both of the protease inhibitor based therapies. The combined average MPR in patients that achieved SVR and those that did not was over 90% for all medications in the regimen. This result indicates that patients were adherent while on therapy which is especially critical to therapy success.
Limitations
There are a few limitations of this study that can be identified. The results observed in this study are specific to one specialty pharmacy's patient population. However, the patients were distributed nationally. Race and information on previous therapies tried were not obtained in this study although both can indicate potential for therapy success. While data was presented for boceprevir and telaprevir individually, the study was not powered to compare telaprevir based therapy to boceprevir based therapy. Data was obtained solely through utilization data and/or direct outreach to the prescriber, no medical claims were analyzed. Faxed based outreach to the prescriber resulted in limited responses returned which further limited the SVR eligible study population. Finally, a significant number of patients who were on therapy in the study date range were still on therapy at the time of analysis and were thus not eligible for SVR at the time of data collection.
Conclusions
In conclusion, patients on protease inhibitor-based triple therapy for the treatment of genotype 1 hepatitis C infection had significantly improved SVR rates compared to previous published dual therapy rates. These findings support the AASLD guideline recommendation of adding a protease inhibitor to ribavirin and pegylated interferon as the standard of care in the treatment of genotype 1 HCV infection [23] . Additional studies that account for the effect of patient ethnicity or previous HCV treatment on SVR rates are warranted to further understand the impact of protease inhibitor treatment on these patient populations.
